1. Introduction {#sec1}
===============

The idiopathic inflammatory myopathies (IIM) are a group of autoimmune diseases affecting both adults and children. Based on clinical and histopathological features, they can be divided into polymyositis (PM), dermatomyositis (DM), immune-mediated necrotizing myopathy (IMNM), inclusion body myositis (IBM), and overlap myositis \[[@B1]\]. The skin, muscle, and lung are commonly involved organs. Autoantibodies have been identified in over 50% patients. Myositis-specific autoantibodies (MSAs) are useful biomarkers in clinical practice and associated with unique clinical subtypes \[[@B2]\]. Autoimmunity is believed to have a key role in the pathogenesis of myositis. Peripheral T cell lymphopenia is a clinical phenomenon in some IIM patients and correlated with poor prognosis \[[@B3], [@B4]\]. Immunohistochemical studies on PM/DM muscle biopsies have demonstrated that T lymphocytes often infiltrate muscle fibers \[[@B5]\]. Dysregulated signal pathways were also found in peripheral blood T cells of IIM \[[@B6]\]. This abnormal behavior of T lymphocytes is a characteristic of the pathogenesis of IIM, although the underlying mechanism remains unclear.

Interleukin 2 (IL-2) plays an important role in both effector and regulatory T cell survival. IL-2 acts via the IL-2 receptor (IL-2R), which consists of three different chains: the private *α*-chain (CD25), and *β* (CD122) and *γ* (CD132) chains shared with other cytokine receptors. IL-2R*α* is expressed on T cells rapidly after activation and exerts its function of inducing T cell proliferation in an autocrine and paracrine manner. Soluble IL-2 receptor (sIL-2R) is generated by the proteolytic cleavage of cell-surface receptor \[[@B7]\], and it is considered a serum marker of T cell activation. Soluble IL-2R binds IL-2 with low affinity, and immunosuppressive function of this molecule was proposed. Some studies \[[@B8], [@B9]\] suggest that sIL-2R is released as a decoy receptor to block IL-2 from binding to effector T cells, while other study found that sIL-2R could protect IL-2 from degradation and inactivation \[[@B10]\].

As a surrogate maker of T cell activation, an increase of serum sIL-2R has been found in autoimmune diseases \[[@B11], [@B12]\]. In IIM, elevation of serum sIL-2R has also been reported \[[@B13]--[@B15]\], but the correlations with clinical characteristics were not described, especially since the differences between MSA subtypes were not explored. Therefore, we aimed to study sIL-2R in sera of IIM patients and to evaluate its association with myositis-related features.

2. Patients and Methods {#sec2}
=======================

2.1. Study Population {#sec2.1}
---------------------

74 DM and 16 IMNM patients admitted to the China-Japan Friendship Hospital between April 2018 and May 2019 were enrolled in our study. DM was classified by 2017 ACR/EULAR IIM criteria \[[@B16]\], and IMNM was classified by ENMC IMNM criteria \[[@B17]\]. Patients with other autoimmune diseases, tumors, and infections were excluded. 20 DM patients were followed for 0.8-15 months. Demographic, clinical, and laboratory data were collected from electronic hospital information system. 24 RA and 20 SLE patients admitted during the same period were included as disease controls. 20 healthy people who came to our hospital for routine physical examinations were recruited as healthy controls. The study was approved by the Ethical Review Committee of China-Japan Friendship Hospital.

2.2. Assessment of Disease Activity {#sec2.2}
-----------------------------------

Evaluation was performed in all IIM patients on the first admission by experienced rheumatologists blind of serum sIL-2R levels. 20 DM patients were also evaluated during subsequent follow-up visit. Myositis disease activity was evaluated by using physician global disease activity recorded on a 10 cm visual analog scale (VAS) \[[@B18]\] and myositis disease activity assessment visual analog scales (MYOACT) \[[@B19]\] established by the International Myositis Assessment and Clinical Studies (IMACS) group. Inactive disease was defined as meeting the following three criteria: CK ≤ 200 U/L, physician VAS = 0, and MYOACT scores = 0. Otherwise, it was considered active.

2.3. Blood Test {#sec2.3}
---------------

Blood samples for sIL-2R test were obtained paired with routine blood test after admission during the first and follow-up visit. The sera were stored at -80°C until assayed. Serum sIL-2R levels were determined by using a commercially available chemiluminescent immunometric assay (IMMULITE/IMMULITE 1000 IL2R) according to the manufacturer\'s instructions; the reference normal range of sIL-2R was 223-710 U/ml. The routine blood test mainly included complete blood count, serum chemistries, ESR, CRP, serum ferritin, and lymphocyte subpopulation study, which were done in the hospital\'s clinical laboratory by standard automated methods.

2.4. Statistical Analysis {#sec2.4}
-------------------------

Data were analyzed by using IBM SPSS 19.0. Data were expressed as mean ± standard deviation for continuous variables with normal distribution and median (range) for those without. The normality of data was assessed by one-sample Kolmogorov Smirnov test. The unpaired *t*-test and Mann-Whitney test were used for comparisons between groups. Binary logistic regression was adopted to analyze the independent risk factors for sIL-2R elevation. Results from logistic regression were expressed as an odds ratio (OR) with 95% confidence interval (CI). Pearson\'s (*r*) and Spearman\'s (rho) correlation analyses were used to test correlations of data with normal and nonnormal distribution, respectively. We considered correlation strength weak when values are between 0 and ±0.3; moderate between ±0.3 and ±0.5; and strong between ±0.5 and ±1.000. *P* values less than 0.05 were considered statistically significant.

3. Results {#sec3}
==========

3.1. Patient Characteristics {#sec3.1}
----------------------------

There were 74 DM and 16 IMNM patients included in this study. 24 RA, 20 SLE, and 20 healthy volunteers were included as controls. The demographic and clinical features of the IIM patients are summarized in [Table 1](#tab1){ref-type="table"}. The mean age was 51.0 years old in DM and 49.1 years old in IMNM. The mean age of HC, SLE, and RA was 48.8 years old, 51.7 years old, and 51.5 years old, respectively. There were no significant age differences between IIM patients and the control groups. 71.6% DM, 81.3% IMNM, 70.8% RA, 75.0% SLE, and 70.0% HCs were female. Median disease duration was 10 months in DM and 11 months in IMNM. 78.3% DM and 87.5% IMNM patients were in active disease. 85.1% DM patients were MSA positive, and anti-MDA5 antibody was the most popular. Of the 16 IMNM patients, 11 were anti-SRP or anti-HMGCR positive. The average physician VAS score was 3. The average MYOACT score was 0.099 in DM and 0.039 in IMNM.

3.2. Serum sIL-2R Levels Were Increased in DM, but Not in IMNM {#sec3.2}
--------------------------------------------------------------

Serum levels of sIL-2R were significantly higher in DM patients compared to those of IMNM patients or HCs (648.8 ± 433.1 U/ml vs. 352.3 ± 126.0 U/ml and 648.8 ± 433.1 U/ml vs. 285.8 ± 101.9 U/ml, respectively; all *P* \< 0.001), but no significant difference was found between IMNM and HCs ([Figure 1(a)](#fig1){ref-type="fig"}). Moreover, serum sIL-2R was significantly higher in DM patients who were treatment-naïve ([Figure 1(c)](#fig1){ref-type="fig"}) or in active disease [Figure 1(d)](#fig1){ref-type="fig"}) compared to patients with previous treatment or in inactive disease state (1100.9 ± 550.4 U/ml vs. 615.6 ± 330.4 U/ml, *P* = 0.006; 808.8 ± 421.6 U/ml vs. 339.8 ± 103.4 U/ml, *P* \< 0.001). However, no significant difference was found between DM, SLE (677.6 ± 261.5 U/ml), and RA (642.0 ± 367.8 U/ml) patients ([Figure 1(a)](#fig1){ref-type="fig"}). MSAs are useful in clinical practice and often associated with unique clinical subtypes, so we compared different MSA subgroups with HCs. Serum sIL-2R levels in patients with anti-SRP and anti-HMGCR had no significant difference compared with HCs (334.7 ± 122.4 U/ml vs. 285.8 ± 101.9 U/ml, *P* = 0.243). Serum sIL-2R levels in anti-Mi-2 antibody subgroup tend to be higher than those in HCs (*P* = 0.079), while all the other MSA subgroups had significantly higher sIL-2R levels ([Figure 1(b)](#fig1){ref-type="fig"}).

3.3. Serum sIL-2R Levels Correlated with Skin Ulcers in DM Patients {#sec3.3}
-------------------------------------------------------------------

Associations between serum sIL-2R levels and clinical manifestations were evaluated in DM patients. We found that serum sIL-2R levels were significantly higher in patients with skin ulcers than those without (889.3 ± 509.9 U/ml vs. 640.0 ± 368.7 U/ml, *P* = 0.023) ([Table 2](#tab2){ref-type="table"}). As skin ulcer could be confounded by disease activity state in DM, the patients were divided into 2 groups with an IL-2R cutoff value of 710 U/ml (the reference upper normal limit) and binary logistic analysis was done. We found that skin ulcer was an independent predictive factor of IL-2R elevation (OR 5.1 (1.3-21.0), *P* = 0.023). As regards muscle weakness, arthritis, dysphagia, interstitial lung disease (ILD), and other skin lesions, no significant differences were observed between these patient subgroups ([Table 2](#tab2){ref-type="table"}).

3.4. Serum sIL-2R Levels Correlated with Laboratory Data in DM {#sec3.4}
--------------------------------------------------------------

Correlation analysis between serum sIL-2R levels and laboratory data was also conducted. We found that serum sIL-2R levels were moderately positively correlated with erythrocyte sedimentation rate (ESR), C-reactive protein (CRP), and serum ferritin (rho = 0.474, rho = 0.469, and rho = 0.454, respectively; all *P* \< 0.001) (Figures [2(a)](#fig2){ref-type="fig"}--[2(c)](#fig2){ref-type="fig"}). A weak positive correlation was found between sIL-2R and CK levels (rho = 0.278, *P* = 0.017). Serum sIL-2R is considered to be a marker of T cell activation, so we also analyzed the correlation between sIL-2R levels and peripheral blood lymphocyte subset counts and found a moderate negative correlation between sIL-2R and T lymphocyte counts (*r* = −0.380, *P* = 0.002) ([Figure 2(d)](#fig2){ref-type="fig"}).

3.5. Changes in Serum sIL-2R Levels and Their Correlations with DM Activity {#sec3.5}
---------------------------------------------------------------------------

Furthermore, we explored the correlation between serum sIL-2R levels and measures of DM activity. Physician VAS, MYOACT scores, and MMT8 were evaluated at the time of blood sampling. In a cross-sectional study of the 74 DM patients, we found that serum sIL-2R levels were strong positively correlated with physician VAS (*r* = 0.646, *P* \< 0.001) and MYOACT scores (*r* = 0.600, *P* \< 0.001) (Figures [3(a)](#fig3){ref-type="fig"} and [3(b)](#fig3){ref-type="fig"}). A moderate negative correlation was found between serum sIL-2R levels and MMT8 scores (rho = −0.394, *P* = 0.001) ([Figure 3(c)](#fig3){ref-type="fig"}).

20 DM patients were followed for a median of 6 months (range 0.8-15months). Clinical evaluation and serum test were done at each follow-up visit. Serum sIL-2R levels were decreased significantly after immunosuppressive treatment (*P* \< 0.001) ([Figure 3(d)](#fig3){ref-type="fig"}). MYOACT and physician VAS scores were also decreased (*P* \< 0.01) (Figures [3(e)](#fig3){ref-type="fig"} and [3(f)](#fig3){ref-type="fig"}). Changes in serum sIL-2R levels were strongly positively correlated with changes in physician VAS and MYOACT scores (*r* = 0.823 and *r* = 0.695, respectively; all *P* \< 0.01) (Figures [3(g)](#fig3){ref-type="fig"} and [3(h)](#fig3){ref-type="fig"}). Notably, 3 followed patients with anti-MDA5 antibody had skin ulcers, the ulcers healed after treatment, and sIL-2R also decreased.

4. Discussion {#sec4}
=============

Consistent with previous studies \[[@B13], [@B14], [@B20]\], serum sIL-2R levels were increased in DM patients compared to healthy controls. A previous study also found higher sIL-2R levels in PM and reported no difference between DM and PM \[[@B13]\]. Our study involved 16 IMNM patients, 14 of which could be classified as PM by Bohn and Peter criteria, but we found no significant difference between IMNM and HCs. This may partially be explained by the use of different classification criteria. According to Bohn and Peter criteria, the PM patients in the previous study would be of great diversity, including PM, IMNM, and antisynthetase syndrome by the latest criteria. In accordance with other studies \[[@B21]\], the IMNM group had fewer extramuscular features and more severe muscle involvement than DM, so the MYOACT score which represents extramuscular activity was lower in IMNM but the global activity scores are equal between the two groups. The lower sIL-2R level in IMNM may be influenced by the different organ involvement. The lack of sIL-2R elevation in serum is consistent with the absence of significant inflammatory infiltrates in IMNM muscle tissue compared with DM \[[@B17]\]. This result suggests that T cell may play a different role in the pathogenesis of IMNM. But the sample number of IMNM in our study was limited, and more patients are needed to verify the result.

Cutaneous ulcer is characteristic of DM patients with anti-MAD5 antibody and associated with poor prognosis \[[@B22], [@B23]\]. In clinical analysis, we found that DM patients with cutaneous ulcers had significantly higher sIL-2R levels than those without. A previous study indicated that IL-2 plays a critical role in skin inflammation \[[@B24]\]. Elevated serum sIL-2R levels have been reported in other inflammatory skin disease \[[@B25], [@B26]\]. Perivascular infiltration of activated T cells in the dermis is a crucial feature in the histological diagnosis of dermatomyositis \[[@B27]\]. As a maker of T cell activation, a linkage between serum sIL-2R and DM skin lesions may be established. Interstitial lung disease is the main complication of DM and predicts poor prognosis. Injection of IL-2 and IL-18 could induce ILD in animal model \[[@B28]\]. Elevation of sIL-2R in bronchoalveolar lavage from patients with systemic sclerosis has been reported, but no difference was found between the patients with or without ILD \[[@B29]\]. We also found no significant difference of serum sIL-2R levels in DM patients with or without ILD.

Our previous study has found that regulatory T cell-related cytokine IL-35 was increased in IIM and could act as a disease activity marker \[[@B30]\]. This promotes us to explore whether sIL-2R could also predict disease activity. We found that sIL-2R varied with disease activity, and significantly increased levels were found during the active phase of DM. Cross-section analysis showed that Serum sIL-2R levels had good correlation with disease activity as represented by MYOACT and physician VAS scores. Serum sIL-2R could be influenced by treatment \[[@B31]\]. Gottfried et al. \[[@B32]\] found elevation of sIL-2R levels in DM patients and reverted to normal after response to IVIG treatment. In our study, we found that treatment-naïve patients had the higher sIL-2R. Follow-up studies also showed decreased serum sIL-2R levels after disease remission, and the changes in sIL-2R levels after treatment correlated with the changes in MYOACT and physician VAS scores. Serum sIL-2R also correlated with other traditional serum makers of disease activity, including CK, ESR, CRP, and serum ferritin. These data suggest that increased serum sIL-2R could act as a disease activity marker in clinical practice.

Serum sIL-2R is a marker of T lymphocyte activation, but the lymphocyte count was significantly negatively correlated to sIL-2R level in our study. One explanation is that sIL-2R may come from the infiltrated inflammatory cells in tissues but not in peripheral blood. Another possibility is increased T lymphocyte death after their activation by IL-2 \[[@B33], [@B34]\]. Our previous studies \[[@B35], [@B36]\] reported increased apoptosis in peripheral blood T cells from PM/DM patients. But the exact origin of serum sIL-2R and the reason of lymphopenia in DM still need to be explored.

The limitation of our study is that we did not explore IL-2R expression in peripheral mononuclear cells and muscle or skin tissue, so we did not know the exact source of sIL-2R. Another limitation is that PM patients were not included in our study and IMNM patient number was limited. Further studies are required to explore the sIL-2R difference between PM and IMNM.

In conclusion, our study showed that serum sIL-2R levels were elevated in DM but not in IMNM patients. Serum sIL-2R could be a disease activity marker and associated with ulcerative skin lesion in DM. Further study is needed to explore the source of serum sIL-2R and to clarify its role in the pathogenesis of DM.
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###### 

Demographic and clinical characteristics of IIM patients.

  Characteristic                                     DM (*n* = 74)   IMNM (*n* = 16)   *P*
  -------------------------------------------------- --------------- ----------------- --------------
  Age (years)                                        51.0 ± 11.2     49.1 ± 16.8       0.682
  Female, no. (%)                                    53 (71.6%)      13 (81.3%)        0.544
  Disease duration, median (range) (months)          10 (1-604)      11 (2-120)        0.804
  Active disease state, no. (%)                      58 (78.3%)      14 (87.5%)        0.511
  Muscle weakness, no. (%)                           49 (66.2%)      16 (100%)         0.004^∗∗^
  Heliotrope rash, no. (%)                           44 (59.5%)      0                 \<0.001^∗∗∗^
  V sign, no. (%)                                    39 (52.7%)      0                 \<0.001^∗∗∗^
  Gottron\'s papules/sign, no. (%)                   51 (68.9%)      2 (12.5%)         0.001^∗∗^
  Mechanic\'s hands, no. (%)                         31 (41.9%)      0                 \<0.001^∗∗∗^
  Ulcers, no. (%)                                    20 (27.0%)      1 (6.25%)         0.105
  Calcinosis, no. (%)                                5 (6.8%)        0                 0.581
  Raynaud\'s phenomenon, no. (%)                     2 (2.7%)        1 (6.25%)         0.474
  Arthritis, no. (%)                                 29 (39.2%)      1 (6.25%)         0.017^∗^
  Dysphagia, no. (%)                                 19 (25.7%)      5 (31.3%)         0.756
  Interstitial lung disease, no. (%)                 51 (68.9%)      7 (43.8%)         0.083
  Myositis-specific autoantibody positive, no. (%)   63 (85.1%)      11 (68.8%)        0.150
   Anti-MDA5                                         28 (37.8%)      0                 ---
   Anti-ARS                                          10 (13.5%)      0                 ---
   Anti-NXP2                                         8 (10.8%)       0                 ---
   Anti-SRP                                          0               8 (50%)           ---
   Anti-HMGCR                                        0               3 (18.8%)         ---
   Anti-Mi-2                                         5 (6.8%)        0                 ---
   Anti-Tif1*γ*                                      10 (13.5%)      0                 ---
   Anti-SAE                                          2 (2.7%)        0                 ---
  Creatine phosphokinase (U/L)                       59 (12-18144)   1642 (71-4234)    \<0.001^∗∗∗^
  MMT8 (0-80)                                        80 (72-80)      68 (51-80)        0.003^∗∗^
  Physician VAS (0-10)                               3.0 ± 2.3       3.0 ± 2.2         0.987
  MYOACT score (0-1)                                 0.099 ± 0.093   0.039 ± 0.058     0.038^∗^

^∗^ *P* \< 0.05, ^∗∗^*P* \< 0.01, and ^∗∗∗^*P* \< 0.001.

###### 

Serum sIL-2R levels in DM patients with different clinical manifestations.

  Clinical manifestations     With (U/ml)     Without (U/ml)   *P* value
  --------------------------- --------------- ---------------- -----------
  Muscle weakness             700.4 ± 416.8   721.1 ± 442.9    0.844
  Skin lesion                                                  
   Gottron\'s papules/sign    753.8 ± 454.6   604.4 ± 327.7    0.161
   Heliotrope rash            734.0 ± 406.7   668.4 ± 449.6    0.516
   Mechanic\'s hands          800.7 ± 451.1   640.1 ± 392.8    0.107
   Ulcers                     889.3 ± 509.9   640.0 ± 368.7    0.023∗
   V sign                     740.9 ± 494.6   670.0 ± 328.3    0.466
   Calcinosis                 533.4 ± 178.7   720.0 ± 433.2    0.344
  Arthritis                   656.6 ± 391.6   740.1 ± 443.0    0.411
  Dysphagia                   767.9 ± 459.9   686.5 ± 411.6    0.473
  Interstitial lung disease   655.7 ± 371.8   822.0 ± 509.1    0.118

^∗^ *P* \< 0.05.
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